The 
Introduction
In recent years, considerable attention has been paid to the design and synthesis of molecular materials and devices [1] being the organization of molecules a main goal in both material science and nanoscience. The systematic use of weak interactions to assemble complex structures is the ultimate challenge in supramolecular chemistry. [2] But while hydrogen bonding has been widely studied, other types of intermolecular interactions such as weak metal···metal interactions still remain less explored.
[3] On the other hand, compounds containing metal-metal interactions is a field that has attracted great attention during years in material science because of their unusual electronic properties, magnetism and/or electrical conductivity.
[3b] This "old topic" has gained renewed attention in the preparation and characterization of materials with high anisotropy and restricted dimensionality. The reason is very simple and can be understood taking into account that small pieces of matter may show very unusual optical, magnetic, and conducting properties due to their size once they go into the nanoscale.
Metal-metal interaction is the driving force to form some linear structures with interesting properties. Several reports suggest that weak metal-metal interactions can be used to build up complex structures.
[3b] Such attractive interactions are mainly observed between units containing Pt(II), Ag(I) or Au(I) centres. For example, tetracyanoplatinates, K 2 Pt(CN) 4 X 0.3 ·nH 2 O (X = Cl, Br), named KCPs, were one of the first examples showing electrical conductivity. [4] These systems are formed by the stacking of square-planar [Pt(CN) 4 ] n− anion complexes. [5] The structures show the overlapping of 5d z 2 orbitals strongly affected by the Pt-Pt intermolecular distances that also affect to their conductive properties. KCP based materials represent the first inorganic "molecular wires" ever designed. [6] Similarly, analogous columnar systems have been formed with dimetallic precursors, for instance [Pt 2 (S 2 CR) 4 ] (R = alkyl group). [7] These discrete dinuclear complexes with intermolecular metal-metal interactions have fascinating magnetic and electrical properties. [8] Some of them have been shown to be suitable as precursors for weakly-bound one-dimensional metal chains. [9] But probably one of the most studied metal-metal interactions is the tendency of Au(I) centres to establish weak Au(I)···Au(I) bonding, named aurophilia. [10] This phenomenon is a consequence of a combination of dispersion forces and the mixing of filled 5d-based molecular orbitals and empty molecular orbitals of appropriate symmetry derived from the 6s and 6p orbitals. [11] As a consequence of this supramolecular interaction, and taking advantage of the structural versatility ofAu(I) centres, a variety of structures with interesting optical and/or electrical properties have been reported. [12, 13] However, a deeper understanding of the chemical principles that direct such assemblies is still an important challenge in chemistry and could probably has an impact in nanoscience.
The goal of this review is to provide a current overview on the recent studies devoted to bimetallic species containing the basic structural units [Au 2 (S 2 CR) 2 ] or [Pt 2 (S 2 CR) 4 ] as well as the linear structures resulting from combination of diplatinum units and iodide bridging ligands.
Gold(I)···gold(I): Golden attraction 2.1 In Crystal Phase
Crystal structures reported for homolepticAu(I)-dithiocarboxylato compounds reveal an outstanding ability to generate oligomeric/polymeric structures by means of the μ-kS:kS'bridging mode. From such structures a complex series of intra-and inter-molecular supramolecular interactions can be found. The scenario found for xanthato ligands differs substantially from what is observed for dithiocarboxylato containing compounds. All structures known consist on discrete dimeric entities in which the metal centres are joined by double μ-kS:kS'xanthate bridges leading to essentially planar eight-member Au 2 S 4 C 2 rings. While strong intramolecular aurophilic interaction between the gold(I) centres is generally observed, not allways significant intermolecular interactions are found. Only in the case of [Au 2 (isopropyl-xanthate) 2 ] Au···Au at around of 3.0 Å have been observed indicating aurophilic attractive intermolecular interactions.
The preponderance of double bridged dimers observed for xanthato ligands is also found for dithiocarbamate containing Au(I) compounds. However, dithiocarbamate containing [Au 2 L 2 ] structures tend to establish short Au··Au intermolecular distances. For the case of the dithiocarbamate, there is one ligand that provides both single-bridge-based (oligomeric) structures and double bridged dimers. However, in that case, only a severe increase of the concentration of gold in the reaction media, allows to overcome the appearance of the more favourable dimeric-based crystal structure.
Overall, as shown in Figure 1 regarding the nuclearity of crystallographically characterized [Au 2 L 2 ] compounds, it appears that there is a higher tendency of the dithiocarboxylato ligands to provide single-bridge-based structures (rings and chains) than in the case of xanthate and dithiocarbamate ligands, where double bridged dimers are preponderant. While xanthates prefer do not establish intermolecular aurophilic interactions, dithiocarbamate containing complexes follow the opposite trend.
Supramolecular arrangements based on [Au 2 L 2 ] units can mainly be attributed to an Au···Au attraction known as aurophilia. While the most stabilizing intermolecular interaction is generally that between two gold atoms, also Au···S and S···S interactions have been described as driving forces for such assemblies. [14] [15] Typically, when the Au···Au is found at around 3Å the intermolecular interaction between Au(I) centres is maximized. Interestingly, the Au···S interactions are also stabilizing but at somewhat longer distances (with a minimum at around 3.5 Å), whereas S···S interactions are destabilizing at short distances and only slightly stabilizing at 3.8-4.0 Å. Analysis of the crystal structures published for [Au 2 L 2 ] units (being L dithiocarboxylates, xanthates, or dithiocarbamates) shows the interplay of the three intermolecular interactions and of their different distance dependence. Regarding the relative orientation of the dinuclear [Au 2 L 2 ], has been found that Au···Au distances shorter than 3.30 Å are only compatible with a rotated structures, i.e. with S-Au···Au-S torsion angles larger than 30º. In contrast, coplanar orientations are only compatible with Au···Au distances larger than 3.5 Å. This effect can be clearly appreciated in Figure 2 , where a representation of the interdimer Au···Au distances (from a CSD search for compounds [Au 2 L 2 ], L = 2 SC-X-R, X = C,N,O) as a function of the S-Au···Au-S torsion angle is shown.
In addition, another geometrical parameter that serves to evaluate the total interaction energy is the relative orientation of the interacting AuS 2 coordination moieties, defined by the Au-Au···Au angles (ω). An analysis of all short contacts between those units in the CSD shows that the Au···Au distances are all longer than 3.88 Å when a gold is found at a ω angle higher than 30º, suggesting that the interaction energy is most stabilizing at the perpendicular orientation.
In general, DFT performs poorly at describing accurately the energetics of Au(I)···Au(I) interactions. Thus, in order to rationalize the variety of structural patterns found for the supramolecular arrangement of the di-and oligonuclear Au(I) species, computational studies were carried out at the MP2 level of theory, capable of reasonably evaluating the relevant intermolecular interactions. Angular dependence of the strength of the aurophilic interaction was confirmed by BSSE-corrected interaction energy calculations between two dinuclear molecules at a fixed intermolecular Au···Au distance of 3.0Å and varying Au-Au···Au angles (ω). Theoretical results show that the interaction energy varies little for deviations of less than 10º from a perpendicular arrangement, but become much less stabilizing at larger angles (Figure 3) .
Optimization of the structures [Au 2 L 2 ] 2 (being L dithiocarboxylato or xanthato ligands, see Figure 4 ), illustrated these concepts. The most stable geometries with each ligand, present structures with stacked Au 2 S 4 C 2 rings, shifted along the Au-Au direction to form Au4 rhombuses, and also rotated relative to each other. Such arrangement facilitates the existence of three intermolecular Au···Au contacts at distances of around 3.0 Å and four Au···S contacts at 3.5 Å or shorter, whereas avoiding S···S short contacts.
In Solution
An intriguing feature of [Au 2 L 2 ] (L = dithiocarboxylato) is that for a series of compounds for which different crystal structures have been found, an identical behaviour in solution (in CS 2 ) has been observed. In fact, the polymeric/oligomeric [Au 2 L 2 ] n structures found in the crystal phase are cleaved to form discrete analogous [Au 2 L 2 ] entities. Furthermore, spontaneous selfassembly that depends on the temperature and the concentration of the gold compound has been observed for such compounds. Variable temperature UVvis data shows that lowering the temperature triggers the formation of a new feature at slightly lower energies with respect to that observed at room temperature. This observation was assigned to an aggregation process which reversed upon heating. (L = dithiocarboxylato) by lowering the temperature was also observed by 1 H NMR spectroscopy. The assessment of the degree of association in solution was obtained by measuring diffusion coefficients (D) from DOSY spectra of a solution at 240 K. According to the measured diffusion coefficient values, the species with a higher hydrodynamic radius (i.e., lower D) become more favourable at lower temperatures. The values obtained in all cases were consistent with the presence of a dimetallic, a tetrametallic, and a hexametallic species [Au 2 L 2 ] n (n = 1, 2, 3) ( Figure 5 ).
A similar study was performed for analogous Au(I)-xantate compounds. Surprisingly, under the same reaction conditions, for compounds with xanthate ligands no spectroscopic changes (UV-vis and NMR) were found upon decreasing the temperature. Thus, although dithiocarboxylate-containing compounds spontaneously aggregate in solution, analogous complexes with xanthate ligands do not show such behaviour. Different behaviour in solution of [Au 2 L 2 ] depending if L is dithiocarboxylato or xanthato constitutes a case of subtle modulation of the supramolecular interactions between . The steric hindrance of the substituents of the dithiocarboxylato ligands influences the interdimeric Pt···Pt distances: the bulkier is the substituent, the longer is the interdimer Pt···Pt distance. This effect is reflected on the electrical properties measured on single crystals. Typically, the conductivity measured in single crystals is the characteristic of semiconducting materials and exhibits a remarkable dependence on the intermolecular metal-to-metal distances, being observed that short intermolecular Pt···Pt distances enhance conductivity.[9b, 16] In principle, analogously to what is observed for Au(I) compounds, one would expect some kind of attraction between Pt and S atoms of adjacent monomers. However, theoretical calculations, indicate that intermolecular S···S interaction is of repulsive character in [Pt 2 L 4 ]. As a consequence of such repulsive interactions the energetic minimum adopts a structure with a staggered conformation with dihedral angle S-Pt···Pt-S values close to 45º in both crystallographic and calculated structures. These observations, emphasize that the stability of [Pt 2 L 4 ] n supramolecular entities is due to persistent weak intermolecular metal···metal interactions, which are in general difficult to describe by standard DFT methods. In addition, according to theoretical calculations, relativistic and electronic correlation effects are thought to be important in the stability of such aggregates. Thus, to describe accurately the energetics of [Pt 2 L 4 ] dimerisation and predict Pt···Pt bond lengths comparable with the available crystallographic experimental data, it is necessary to use a complete basis set and exchange-correlation DFT functionals. Thus, the widely used exchange-correlation functionals BLYP and B3LYP predict a repulsive Pt···Pt interaction, a situation that even the long-range corrected functional CAM-B3LYP is not able to correct. After extensive testing, was found that the PBE functional family (which includes its hybrid version PBE0) in the complete basis set limit, provides an optimal compromise between accuracy and computing time.
Theoretical analysis of the charge distribution in [Pt 2 L 4 ] 2 highlighted the leading role of the ligands L in the assembly of [Pt 2 L 4 ] n through Pt···Pt interactions. Specifically, Natural Population Analysis shows the ability of the sulphur atoms to accommodate a part of the charge donated by the platinum atoms resulting in a synergic effect in the stable linear structures.
A first approach to understand the electronic description of the Pt···Pt bonding between monomer species, can be attempted by computing the change in the energy and the shape of the occupied orbitals depending on the Pt···Pt distance. The major changes are observed at the HOMO and HOMO-1 levels, which are degenerated up to 6 Å. Further decrease of the intermolecular distance induces an energy splitting of these MOs. In fact, the HOMO becomes an antibonding combination of mainly 5dz 2 character with significant contributions of the 6pz and 6s orbitals of Pt and its energy increases upon dimer formation. In contrast, the HOMO-1 is of bonding nature and becomes stabilized upon dimerisation. From this description it is not inferred a neat stabilization, and thus is concluded that the combination of adjacent occupied Pt 5dz 2 orbitals alone is not sufficient to explain the attractive interactions between Pt(II) centres. Thus, Pt(II)···Pt(II) attraction should be explained according to more subtle interactions. The current understanding of the driving force of such weak metal-metal interaction involves a symmetry-allowed mixing between atomic orbitals of adjacent Pt atoms along the Pt-Pt vector namely, the occupied (donor) 5dz 2 and the empty (acceptor) 6pz and 6s orbitals. Such donor-acceptor interaction is represented in terms of atomic orbitals in Figure 7. [17] 
Similarly to what is observed for Au(I) 4 ], which presents a good solubility even at low temperatures, several observations indicate that a mixture of different nuclearities can be found in solution at low temperature.
A further support for the assignments of UV-vis spectra at low temperature was obtained from theoretical investigations of the spectroscopic properties of isolated [Pt 2 L 4 ] n (n = 1-4) species (Figure 8 is an evident effect of the ligand that can be related to the steric hindrance that each dithiocarboxylato ligand present in solution. Thus, for L = CH 3 -CS 2 − , association is easier than with any other diplatinum complex. When the ligand contains a branched R group the approaching of the dimetal units is definitively more difficult than for compounds that contain linear R groups. Even small differences on the length of linear R chains can have an impact on supramolecular assembly of [Pt 2 L 4 ], being favoured when the R group is a shorter chain. However, crystal structures of [Pt 2 (S 2 C(CH 2 ) n CH 3 ) 4 ] (n = 0, 3 and 4) show similar intermolecular Pt···Pt distances. Thus, the effective bulkiness of the dithiocarboxylato ligand is not the same in solution and in crystal phase. In fact, ordered packing minimizes steric repulsive interactions especially where linear alkyl chains are present in the structure. However, free motion of such chains in solution provokes significant hindrance, which increases with the length of the alkyl group. This concept is less applicable to branched chains which present a high steric hindrance in solution that cannot be as well overcome in the ordered packing of the crystalline samples.
The effect of the solvent in self-assembly of compounds [Pt 2 L 4 ] in solution has been examined by comparing their behaviour using CH 2 Cl 2 , CHCl 3 , THF and CS 2 as solvent. Under the same conditions, whereas a certain degree of self-assembly in CH 2 Cl 2 and (in less extent) in CHCl 3 is observed, CS 2 and THF hamper the association in solution. This effect could, in principle, be justified considering the known coordinative ability of THF and CS 2 , which can result in weak metal-ligand interactions between the solvent molecules and the platinum centres. However more subtle effects should be invoked to explain the different effect of CH 2 Cl 2 and CHCl 3 , which are probably related to solvation effects.
From Solution to Surface
The self-assembly observed in solution at low temperature triggered the generation of nanofibers on surfaces ( Figure 9 ). This effect was observed by comparing the results of the adsorption on surfaces of [Pt 2 L 4 ] (L = CH 3 -CS 2 − ) at low temperature and at room temperature. When a diluted solution of [Pt 2 (dta) 4 ] in CH 2 Cl 2 was cooled down to -50ºC and adsorbed, on cooled HOPG surface, AFM images show nanofibers of lengths of up to several microns and heights ranging from 4 to 7 nm. However when the same experiment was carried out at room temperature, only amorphous material on HOPG was observed. Interestingly, nanofibers were observed in HOPG but not in mica. Thus, organization of [Pt 2 L 4 ] somehow takes place on the surface, which plays a leading role on the self-assembly process. In particular, as previously observed on related 1D systems, diffusion of small metallic fragments is much easier on HOPG, which can make easier the assembly of nanofibers. Overall, oligomerization of [Pt 2 L 4 ] in a cold solution facilitates the growth of long 1D structures on the surface on an appropriate surface.[9a] 
MMX Chains: Donors and Acceptors with Ephemeral Affairs

In Crystal Phase
MMX chains belong to the family of mixed-valence metal-organic compounds. [ More recently, studies on [Pt 2 (RCS 2 ) 4 I] n (R = alkyl group) chains have shown the high potential of these materials as nano and molecular wires. In a first work, the electrical behaviour of single crystals of [Pt 2 (n-pentylCS 2 ) 4 I] n has been studied. The data have shown conductivity values in the range 0.3-1.4 S·cm −1 at room temperature. [24] Variable temperature measurements carried out on several crystals following this treatment: (i) heated from 300 to 400 K, (ii) cooled to 100 K, and finally (iii) heating from 100 to 400 K; showed that the first heating scan displayed a metallic behaviour from 300 to 400 K with a transition (RT-HT) that appears as a drop in the resistivity with a negative peak in the derivative at 330 K (Figure 11a ). Above this RT-HT transition, the sample recovers its metallic character and reaches a resistivity of ca. 7 Ω·cm at 400 K. The transition at 330 K has also been observed in heat capacity measurements, although at a temperature of 324 K, and has been attributed to a moderate disorder of the alkyl chains. [25] When the temperature is decreased from 400 to 100 K, the resistivity smoothly increases to reach a maximum at ca. 390 K (Figure 11a ) followed by metallic behaviour from 390 K down to ca. 290 K, where it shows a rounded minimum, similar to that shown by the non-heated crystals, although at a higher temperature. This behaviour confirms the irreversibility of the RT-HT transition. A detailed X-ray diffraction analyses, carried out at different temperatures, confirms the existence of three different phases for [Pt 2 (n-pentylCS 2 ) 4 I] n (Figure 11b) . The crystal structures collected at 100 (LT), 298 (RT) and 350 (HT) K confirm that in all cases linear 1D chains generated by repetition of the MMX entities. Each pair of platinum atoms is bridged by four n-pentyl-CS 2 ligands, and the pairs are interconnected by means of linear iodine bridges. The alkyl chain surrounds the Pt-Pt-I-chain precluding the presence of S· · · S contacts. The three-dimensional cohesiveness of the crystal structure is therefore ensured only by means of weak interchain Van der Waals interactions among the alkyl chains. Finally, Density Functional Theory (DFT) calculations allowed the characterization of three different valence-ordering states.
In Solution
The question about what are the species formed in solution by disolving MMX crystals and what are the experimental factors affecting the MMX chains formation from these solutions, are essential aspects to be solvedin order to understand the chemistry of these molecules and to develop methods to process these materials. The fact that thin films of MMX are almost transparent in thickness, < 50 nm, make them extremely appealing for molecular electronics and optoelectronics.
The outstanding ability of the [Pt 2 (nBuCS 2 ) 4 I] n (nBu = n-buthyl) chains to reversibly self-organize from solution is an uncommon behaviour for other metal-organic polymers and raises the questions of which species are present in solution, and which factors have an effect on their subsequent reassembly. [26] In order to address these important factors, the spectroscopic features of [Pt 2 (nBuCS 2 ) 4 I] n dissolved in CH 2 Cl 2 were analysed and compared with those of the [Pt 2 (nBuCS 2 
From Solution to Surface
Fibres of [Ru 2 Br(μ-O 2 CEt) 4 ] n chains were isolated on different surfaces by casting deposition of water-sodium dodecyl sulphatesolutions. [27] It seems feasible that the evaporation of highly diluted solutions of [Ru 2 Br(μ-O 2 CEt) 4 ] n on the surfaces led to fibre formation. AFM topography images allowed the characterization of homogeneous fibres with lengths from 0.5 to 5 mm and typical heights of ca. 0.7 nm, corresponding to the isolation on mica of individual polymer chains. 4 ] n showed a mechanochemistry based procedure to isolate individual polymer chains on surfaces with subnanometer diameter and over microns length. They studied the dynamics process that take place after sonicated solutions of [Ru 2 Br(μ-O 2 CEt) 4 ] n . [28] They demonstrate that ultrasound induces scission of the weaker coordination bonds giving rise to reactive species that self-organize in solution allowing a rich variety of structures. The recognition of these activated building blocks leads to isolate very long individual chains of the MMX polymer when adsorbed on surfaces as demonstrated by theAFM images. It seems that the linear observed structures reproduce those present in the solution. This work suggested a way to form well-organized entities of [Ru 2 Br(μ-O 2 CR) 4 ] n chains on surfaces.
Two different nanostructures were characterized on mica from the controlled deposition of sonicated diluted THF solutions of [Pt 2 (npentylCS 2 ) 4 I] n . Using this simple procedure, high density coverage of micron-length fibres of [Pt 2 (n-pentylCS 2 ) 4 I] n with typical height of ca. 1.5 to 2.5 nm were isolated. According to the X-ray data (1.5 nm being the expected height of one MMX chain), these fibres correspond to a few MMX chains. Additionally, upon increasing the concentration of the initial [Pt 2 (n-pentylCS 2 ) 4 I] n solution, nanocrystals were formed on mica. AFM topographic image of several nanocrystals growing from a central nucleus showed a length of 1-5 μm and a typical height of 2-4 nm ( Figure 9 ).
While formation of structures from solution seems to be a simple and powerful method, at that point the understanding of the parameters controlling both the molecular association in solution and the deposition were unclear.
The rather uncommon feature, dissolution and repolymerization conserving its structural integrity, showed for the [Pt 2 (nBuCS 2 ) 4 I] n chains enables its processability and the formation of organized structures on surfaces. Thus, micromolding in capillaries (MIMIC) [29] and lithographically controlled wetting (LCW) [30] were successfully applied to form a variety of nanostructures ( Figure 13) . Figure 14 shows an optical micrograph of the interdigitated electrodes of a FET printed by LCW and parallel μ-wires on pre-fabricated gold electrodes that were printed by MIMIC. The electrical characterization performed by measuring the current flowing in the μ-wires as a function of bias voltage, ranging from +50 to -50 V reveals a near Ohmic behaviour. It is important to note that the time stability of the wires is longer than 6 months, in air at room temperature and in high humidity. As an example of direct application of [Pt 2 (nBuCS 2 ) 4 I] n nanostructures, the use of this material as electrodes in organic field-effect transistor (OFET) devices was tested ( Figure 15) [31] Thus, structures produced by MIMIC technique on SiO 2 /Si from a [Pt 2 (nBuCS 2 ) 4 I] n solution demonstrated that this material can be efficiently used as electrodes for organic field-effect transistor. The OFET devices showed a field-effect performance with charge mobility, μ sat , up to 5.2 × 10 −3 cm 2 V −1 s −1 , with on/off ratios around 10 6 and an excellent stability under ambient conditions (after six months from fabrication the device remains almost unaltered).
From solid to gas phase to surface assembly
Nanostructures obtained from [Pt 2 (n-pentylCS 2 ) 4 I] n solutions were not suitable to measure the electrical resistance using a macroscopic gold electrode evaporated with a conventional mask technique. [32] Apparently, the nanostructures formed by drop-casting from the polymer solution, contain some amount of solvent retained on the surface in the adsorption process together with the MMX nanostructures. Under a vacuum during the gold sublimation process, the adsorbed solvent rapidly evaporates generating fractures across the MMX nanostructures and avoiding a proper characterization. Therefore, a less conventional approach based on direct sublimation from synthetized monocrystals of MMX was explored. This method has been successfully applied to the adsorption of [Pt 2 (n-butylCS 2 ) 4 I] n on several surfaces. [33] The procedure consists of (i) sublimation of [Pt 2 (n-butylCS 2 ) 4 I] n crystals in a high vacuum chamber (10 −6 mbar), and then (ii) the landing of the sublimated materialon a substrate ata controlled temperature. The analysis by AFM of the surfaces reveals formation of 1D structures, with lengths of several microns and typical heights around 5 to 10 nm when the parameters were properly adjusted. The sublimation method produces straighter fibres with more homogeneous width distributions than drop casting procedures. Additionally, it was reported that the dimensions of the structures obtained by sublimation can be modulated by controlling parameters such as the nature of the surface, the deposition time and the annealing temperature. Thus, it has not only been possible to isolate nanofibres, but also form nanocrystals that have very few defects. The mechanism of the sublimation process is still not well established, however, in analogy to what it is observed in solution, it seems likely that the thermal energy applied to the monocrystals is able to induce the breakage of the weaker coordinative bonds leading to the formation of small entities which are volatile under the experimental conditions to fly and land on the surface. Subsequently, these small entities will diffuse and self-assemble to form the MMX chains. This is the description of a reversible process consequence of the reversibility feature of a typical coordinative bond which is the basic feature of a MMX structure.
More recently, the high potential of MMX chains towards their use as molecular wires has been proved. Thus, nanoribbons of [Pt 2 (dta) 4 I] n isolated on mica [34] and SiO 2 [35] by direct sublimation from crystals have shown outstanding electrical properties.
The conductive nanoribbons were formed on mica by direct sublimation from crystals of [Pt 2 (dta) 4 I] n under a high vacuum (Figure 16 ). However, while these nanostructures showed high conductivity the non-linear IV features suggested a significant content of defect in these nanoribbons, therefore limiting their conductivity (Figure 17) . [34] Recently, following a similar experimental procedure to that previously used on mica, [Pt 2 (dta) 4 I] n nanoribbons have been isolated on SiO 2 . Those nanoribbons are larger but more important they have shown high order, defect-free for distances below ca. 300 nm. [35] The conductivity for these nanostructures is 10 4 S/m, three orders of magnitude higher than that of our macroscopic crystals. This magnitude is preserved for distances as large as 300 nm. Above this length, the presence of structural defects (∼ 0.5 %) gives rise to an inter-fibre mediated charge transport similar to that of macroscopic crystals. Additional experiments show the first direct experimental evidence of the gapless electronic structure theoretically predicted [36] for [Pt 2 (dta) 4 I] n chains. 
Conclusions
According the bibliographic information presented in this review metal···metal interactions, Au(I)···Au(I) and Pt(II)···Pt(II), are the source of spontaneous self-assembly processes. In solution, reversible aggregation of tetra-, hexaand octa-metallic supramolecules has been observed at low temperatures. 
